Abstract. Given a set Ω and the notion of bipolar valued fuzzy sets, the concept of a bipolar Ω-fuzzy sub-semigroup in semigroups is introduced, and related properties are investigated. Using bipolar Ω-fuzzy sub-semigroups, bipolar fuzzy sub-semigroups are constructed. Conversely, bipolar Ω-fuzzy sub-semigroups are established by using bipolar fuzzy sub-semigroups. A characterizations of a bipolar Ω-fuzzy sub-semigroup is provided, and normal bipolar Ω-fuzzy sub-semigroups are discussed. How the homomorphic images and inverse images of bipolar Ω-fuzzy sub-semigroups become bipolar Ω-fuzzy sub-semigroups are considered.
Introduction
Fuzzy sets have been useful tools to bridge the gap between mathematical models and their empirical interpretations, and to deal with problems requiring the use of natural language(see [1, 6] ). A traditional fuzzy set is characterized by the membership function whose range is the unit interval [0, 1]. There are several kinds of fuzzy set extensions in the fuzzy set theory, for example, intuitionistic fuzzy sets, intervalvalued fuzzy sets, vague sets etc. Lee [4] introduced an extension of fuzzy sets named bipolar-valued fuzzy sets to express the difference of the irrelevant elements from the contrary elements in fuzzy sets. Bipolar-valued fuzzy sets are an extension of fuzzy sets whose membership degree range is enlarged from the interval [0, 1] to [−1, 1] . Bipolar-valued fuzzy sets have membership degrees that represent the degree of satisfaction to the property corresponding to a fuzzy set and its counter-property. Kim et al. [3] studied ideal theory of semigroups based on the bipolar valued fuzzy set 2. Bipolar Ω-fuzzy Sub-semigroups Let S be the universe of discourse. A bipolar-valued fuzzy set f in S is an object having the form
The positive membership degree f p (x) denotes the satisfaction degree of an element x to the property corresponding to a bipolar-valued fuzzy set f = {(x, f n (x), f p (x)) | x ∈ S}, and the negative membership degree f n (x) denotes the satisfaction degree of x to some implicit counter-property of f = {(x, f n (x), f p (x)) | x ∈ S}. It is possible for an element x to be f p (x) = 0 and f n (x) = 0 when the membership function of the property overlaps that of its counter-property over some portion of the domain (see [5] ). For the sake of simplicity, we shall use the symbol f = (S; f n , f p ) for the bipolar-valued fuzzy set f = {(x, f n (x), f p (x)) | x ∈ S}, and use the notion of bipolar fuzzy sets instead of the notion of bipolar-valued fuzzy sets.
By a sub-semigroup of a semigroup S we mean a nonempty subset A of S such that A 2 ⊆ A.
A fuzzy set in S is a function µ from S into the unit interval [0, 1]. A fuzzy set µ in S is called a fuzzy sub-semigroup of S if it satisfies (∀x, y ∈ S) (µ(xy) ≥ min{µ(x), µ(y)}).
For any family {a i | i ∈ Λ} of real numbers, we define
A bipolar fuzzy set f = (S; f n , f p ) in S is called a bipolar fuzzy sub-semigroup of a semigroup S (see [3] ) if it satisfies the following condition:
In what follows let S and Ω denote a semigroup and a nonempty set, respectively, unless otherwise specified.
A bipolar Ω-fuzzy set F Ω in S is defined to be an object having the form
for the bipolar Ω-fuzzy set Let Ω = {1, 2} and let
is a bipolar Ω-fuzzy sub-semigroup of S.
Theorem 2.4. Let Ω be the set of all bipolar fuzzy sub-semigroups of S and let
. This completes the proof.
Proof. For any x, y ∈ S, we have
.
Proof. Let x, y ∈ S and α ∈ Ω. Then
is a bipolar Ω-fuzzy sub-semigroup of S. 
is a bipolar fuzzy sub-semigroup of S Ω . Thus we can obtain a bipolar Ω-fuzzy sub-semigroup
Proof. For any u, v ∈ S Ω , we have
n , f Ω p be the bipolar Ω-fuzzy sub-semigroup of S in Example 2.2 and let S Ω be the commutative group in Example 2.8. Then we can induce a bipolar fuzzy sub-semigroup Φ Ω = S Ω ; Φ Ω n , Φ Ω p of S Ω as follows:
For a bipolar Ω-fuzzy set
in S is a bipolar Ω-fuzzy sub-semigroup of S, then the following assertions are valid: We now consider the converse of Theorem 2.11. homomorphic images and inverse images of bipolar Ω-fuzzy sub-semigroups become bipolar Ω-fuzzy sub-semigroups. We have discussed normal bipolar Ω-fuzzy subsemigroups, and provided a characterization of a bipolar Ω-fuzzy sub-semigroup. Our future work will focus on studying the bipolar Ω-fuzzy structure with operators of several ideals in semigroups.
